His research explores the social aspects of self-regulation in collaborative learning environments. In addition, he has been conducting studies examining the effects of different scaffolding approaches, including massively multiplayer online games, computer-based simulation, and dynamic modeling, on students' complex problem-solving learning outcomes. 
Introduction and purpose
Engineering programs across the US are engaged in efforts to increase the diversity of their student populations. Despite myriad efforts, students from groups underrepresented in engineering are still less likely to persist, relative to their peers. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] To address this, many programs have incorporated design projects early in the curriculum, leading to higher overall retention of diverse students in engineering. [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] For instance, students from underrepresented groups were likelier to persist if they completed a first year design course, and this was attributed to the hands-on and contextual nature of the experience 12 . Elsewhere, higher retention of diverse students is attributed to the fact that students like getting exposure to authentic projects, 24, 25 because such projects provide opportunities for students to learn professional skills (e.g., project management, teamwork [26] [27] [28] [29] ) and allow students the opportunity to integrate knowledge and practice. 30, 31 However, faculty sometimes doubt that freshmen and sophomore students have the capacity to design, and students may not realize they already possess skills and beliefs that are valuable for engineering design. We contribute to this body of work by describing an approach to uncover potential and discover the attributes, skills, and beliefs that students hold.
For instance, consider students like Paloma, a first year student who sees herself as creative and who did well on high school assignments that required problem solving. She worked in a small landscape architecture business, mostly answering phones, but enjoyed when she got to sit in on meetings with clients, even if it was only to take notes, because she got to see how the landscape architects worked together to understand what clients wanted, what the constraints were, and creative ways to navigate those constraints. These attributes, skills, and beliefs are all very relevant to engineering design, but students like Paloma may not realize this, and these engineering "assets" may remain dormant.
Currently, there is no commonly used, simple way to uncover such assets. Our research aims to design and refine a simple method to reveal the assets diverse students bring as they begin a chemical engineering program. We aim to identify diverse students' assets and connect these to professional engineering practices and identities.
We argue that this effort complements other approaches to recruit and retain diverse students in engineering. Revealing engineering assets to both students and faculty can provide a firmer foundation for early design projects. It can help faculty know where students may need additional support. It can also help students connect their current identities to engineering, supporting them to begin developing professional engineering identities. We review research on one of the main predictors of persistence in engineering-knowing where you are going-and on the formation of professional engineering identities; both of these areas informed our survey development, as we sought to uncover aspects of these with our survey.
Knowing where you are going
One of the main predictors of persistence in engineering is "knowing where you are going" 1, [32] [33] [34] [35] [36] [37] [38] [39] [40] ; students who have a parent or family friend who is an engineer tend to have a better understanding of engineering practices. Those who do not have such connections are disproportionately underrepresented in engineering, and they tend to make assumptions about the engineering profession from popular media, publications and early coursework. Textbooks present problem solving as a quick, elegant, linear process when it is actually a highly iterative, failure-prone approach that few students master while they are undergraduates. Core coursework tends to present the work of engineers as problem sets, always with a single correct answer. Students unfamiliar with actual engineering problem solving can be led to believe problems are best solved through a quick, elegant, linear process and that there is always one right answer. When such students encounter more authentic, complex problems late in their program of studies, they may feel engineering is a place they don't belong.
Developing professional engineering identity
When students leave engineering they cite difficulty with the curriculum or advisement, as well as feeling like they don't belong 41 ; this effect is more pronounced for those already underrepresented in engineering, as difficulties with curriculum can further negatively impact their sense of belonging. When students don't see engineering as "consistent with their personal identity or sense of self," they are more likely to leave engineering. 42 Providing students with opportunities to discover their value and develop a sense of intellectual belonging can positively impact their willingness to engage academically and hence this supports retention. 8, 43 But it is also important to recognize that students retain diverse identities-as members of families, communities, and other avocational endeavors. In this way, students' identities are like crystals with multiple facets. This concept has been referred to as the crystallized self, 44 a way to talk about identity that interrupts the sense of "real" versus "fake" selves 44 ; for instance, in engineering, a student who questions her potential to become a "real" engineer may feel she needs to shed or sacrifice her other identities (such as mother, artist, or athlete). The notion of a crystalized self places more of the responsibility on the organization for cultivating a culture in which a member can live "a life wrapped in a quilt of many colors rather than one suffocated by a monochromatic blanket."
In engineering, this concept has been studied, suggesting that understanding engineering identity as multi-faceted is linked to retention. 45 We build on this notion of the crystalized identity by considering how students might come to see their various identities not only as permissible, but also as relevant to engineering. Given that engineering is one of the most human of endeavors, the other facets of one's identity can easily be called into play in engineering design. By focusing on crystallized identity, we suggest we need to acknowledge the varied ways in which facets of identities can be called into play, serving as assets. Asset mapping is an approach that focuses on the strengths students possess instead of focusing on their deficiencies. 46 Such asset-based approaches are successful 47 in engaging rural students and Latino/a students in engineering. 48 For instance, in one study, researchers first identified the assets Latina/o high school students brought, then connected these to community-engaged design projects. 48, 49 Such approaches help develop students' self-efficacy and make engineering seem more relevant and more connected to their lives, 50 thus better supporting underrepresented minority students to learn. 51, 52 Asset-based approaches have been shown to support low income, first-generation college attendees, revealing they bring assets such as the ability to define and solve problems related to limited financial means, and having empathy for marginalized communities. 53 However, previous work to identify assets has involved ethnographic methods, which are time and labor intensive. We investigate how a survey might be used to efficiently identify engineering assets, explore whether these vary systematically, and consider how faculty might leverage these assets in their teaching.
Research questions
We sought to answer the following research questions:
• What engineering assets do students commonly bring?
• Do any of these engineering assets vary systematically by demographics, such as rural versus urban context, gender, ethnicity, and first generation college attendance status? • Do any engineering assets explain variance in performance on the Design Skills Test for students enrolled in the first course?
Methods
Participants included students enrolled in the first two courses of a chemical engineering program at a Hispanic-Serving, Very High Research University in the southwestern US. Students signed IRB-approved consent forms prior to data collection (N=136 students of 187 consented, 88 from the freshman course, 62 from the sophomore course, with 12 students enrolled in both courses).
Students completed surveys at the beginning of each course (124 students completed the survey). This included demographic information about ethnicity, gender, economic status, prior coursework, high school context, hours worked per week, home language, age, GPA, parent education, first generation college attendance status, and relationship to other engineers. The survey also asked about their design experiences 54 , self-efficacy 55 and beliefs 2, 56, 57 , with survey questions drawn from prior studies. Questions were Likert (1=strongly disagree; 5=strongly agree, Appendix A). Examples of questions are:
• Design begins with the identification of a need and ends with a product or system in the hands of a user.
• Design is as much a matter of finding problems as it is of solving them.
• Design problems have multiple possible solutions and multiple ways to get to the solution • I am confident I could identify a need in an authentic engineering design problem • I am confident I could develop possible design solutions to an authentic engineering design problem • I participate in engineering-related activities outside coursework • The faculty and staff make engineering feel like a welcoming place for me At the beginning of each course students completed the Design Skills Test (DST), an instrument used to track changes in design process ability. The instrument was initially developed with biomedical engineering students learning to design, 58, 59 and adapted for other design contexts [60] [61] [62] . We adapted this instrument for chemical engineering students. This process included first identifying suitable problems. A suitable problem for the DST is defined as an authentic, realworld design problem that has yet to be solved, and that would require significant effort, time, and expertise to solve; the purpose of the DST is not to assess ability to solve a design problem, but rather to measure how students get started framing a design problem.
We located two appropriate problems for the DST, both from an email requesting ideas for solving technological problems, issued by Deutscher Technologiedienst GmbH (used with permission, and with minor adaptations for our purposes, see Appendix B & C).
The DST was given during class time in the first week of class. Students were given 15 minutes to complete the DST. On average, they filled one full sheet of paper with sketches, writing, and annotations. They were told that we were interested in how they got started working on the problem, but that we did not expect them to come to a solution.
The DST is typically coded using a rubric based on the Design and Learning Activity Coding Scheme. 62, 63 Using rubrics tied to the assessment results in higher reliability. 64 The rubric is analytic, meaning dimensions were scored individually; this approach tends to have greater utility but can be harder to establish reliability 65 ; however, our previous work with the rubric has shown it to have high reliability. 58, 59, 62 The initial coding scheme was developed at a research lab meeting led by the first author. The lab members all have experience conducting qualitative analysis. Members reviewed 25 samples of student work on the DST, placing sticky notes on the tests where they noted a particular code or saw something of interest. These initial ideas were turned into a coding scheme and applied to the dataset, omitting codes that were not relevant to the research focus (e.g., design aesthetics) or that were found to be redundant. This coding scheme was refined further at another research lab meeting; per recommendations for qualitative researchers, disagreements in coding were discussed. 66 The chemical engineers involved in the project reviewed the scheme and confirmed that it was ecologically valid, 67 meaning it authentically reflected their understanding of design in chemical engineering, related to the particular problems used for the DST (Appendix D).
Most of the resultant codes are low inference, meaning they are relatively objective, requiring little more than spot checking for accurate coding 68 . A few are higher inference, requiring the coder to make subjective judgments and therefore necessitating multiple coders. A common approach to establishing reliability 69, 70 is to seek interrater reliability by having a subset scored by multiple individuals (two raters have been shown to be sufficient 64 ).
For regression modeling, we focused on three low inference codes, which we summed for a total score on the DST: whether the student described a use case or provided an explanation for how the proposed design could be used; whether the student approached the problem ideationally, proposing (and possibly rejecting) more than one idea; and whether the student explicitly focused on the central need (Table 1) .
We summed these three variables, resulting in possible scores ranging from -3 to 3. Immediately following completion and de-identification of surveys, the text responses were replaced by numeric scores (e.g., rural= -1, suburban= 0, urban= 1; Strongly agree = 5, Strongly disagree = 1). Descriptive statistics were calculated for all survey items. We reviewed means and standard deviations for demographic subgroups (e.g., by ethnicity, by high school context, by gender) and selected specific variables to compare to avoid inflated Type 1 errors.
We modeled using a sequence of stepwise multiple regression models (checking for assumptions and multicollinearity, which would be expected between some explanatory variables). Models focused on demographic/contextual variables (e.g., language, gender, home context, GPA). Factors from surveys and scores on the Design Skills Test were added stepwise.
Results: What engineering assets do students commonly bring?
Overall, students agreed that engineers must meet human needs in their design work (Figure 1) . Students responded to three questions about this, and for all three the mean score reflected answers between strongly agree and agree. Most students agreed or strongly agreed that design is a creative process ( We highlight two assets that varied by demographic category, specifically, gender and first generation college attendance.
Women were significantly more likely to agree that "In design, the problem and the solution coevolve, where an advance in the solution leads to a new understanding of the problem" compared to men, t(122)= 2.69, p < 0.01 (Table 2 ). Levene's test for equality of variances was not significant; thus we report scores for equal variances assumed. First generation college attendees were significantly more likely to agree that design is a learning activity, compared to their traditional peers, t(113)= 2.50, p < 0.05 (Table 3 ). Levene's test for equality of variances was significant; thus we report scores for equal variances not assumed. A multiple linear regression was calculated to predict scores or the students enrolled in the freshman class on the Design Skills Test (DST, M = 1, SD = 1) based on survey variables. A significant regression equation was found (F(3, 58)= 5.25, p < 0.01) ( Table 4) . Students were uncertain about the role of constraints in creative design (M = 2.49, SD = 1.02, neutral to disagree that constraints are beneficial). Research has shown that constraints support creative design. Students who agreed that constraints support creative design scored significantly higher on the DST. Overall, students reported being confident they could succeed as an engineering major (M = 4.37, SD = 0.79, agree to strongly agree), but students who reported higher confidence scored lower on the DST; this was not significant. Overall, students reported low precollege engineering knowledge (M = 2.79, SD = 1.26, neutral to disagree), but students who reported higher pre-college knowledge scored significantly lower on the DST. This model was statistically significant and accounted for a small to moderate amount of variance in DST scores, r 2 = 0.21, p < 0.05. 
Discussion and conclusions
Overall, we found the survey to be an efficient means to identify engineering assets. We found that students generally agreed that engineers must meet human needs in their design work, that design is a creative, ill-structured process that can result in multiple possible design solutions, and that designing is a learning process. These align to expert views of engineering design and are assets that instructors could build upon in early coursework.
However, we also found that some assets varied by demographic category, specifically, gender and first generation college attendance. Women held more expert views of design as an illstructured process than men did. First generation college attendees were more likely to agree that designing is a learning process. Both of these groups also tended to rate their confidence as lower than their peers who are more traditionally represented in engineering; women and first generation college attendees are at risk for not recognizing the assets they bring. We see an important opportunity in identifying such assets, making them explicit, and building on them in early engineering courses.
Regression analysis revealed that students in the introductory course tended to produce more expert problem framing if they viewed constraint as endemic to designing. It also revealed that students who rated their pre-college knowledge of engineering as low and their confidence in their ability to succeed in engineering as lower, they tended to produce more expert problem framing. Given that many pre-college engineering experiences treat constraint as a hardship of school settings, this suggests the need to convey the message to students early that constraint is endemic to design. This finding also suggests that students who lack pre-college engineering experience and have low confidence in their potential for success-both common characteristics of groups underrepresented in engineering-actually possess desirable problem framing skills that can serve as a foundation for developing design engineers. Implications for instruction include communicating to students that the work of engineers involves framing problems and providing opportunities for them to develop these abilities, and also considering ways faculty can build on students' assets, and not view limited prior experience and low confidence as a deficit.
We focused on design problem framing because when an engineer frames a problem, s/he gains ownership of the problem; having such ownership affirms her/his identity as an engineer. Thus, we sought to connect student assets to problem framing as a means to support a growth mindset wherein diverse students view themselves as already having the capabilities to participate in the design process.
Next steps
There have been calls for more research specifically looking at how, when and why certain groups-including Hispanics and Native Americans-initially choose and then persist in engineering. 8 This research begins to address this call. Simply identifying engineering assets and not acting on them will do little to change student persistence. This study represents a first step in a longer research agenda. Our future work includes a means to have students systematically reflect on their engineering assets and connect these to their developing engineering identities. As we integrate new engineering design challenges into early coursework, we plan to explore the impact of both of these efforts on student persistence.
